In piperazine-2,5-dione±oxalic acid±water (1/1/2), C 4 H 6 N 2 O 2 Á-C 2 H 2 O 4 Á2H 2 O, both organic components lie across inversion centres in space group P1. The molecules are linked by NÐ HÁ Á ÁO and by both two-centre OÐHÁ Á ÁO and three-centre OÐHÁ Á Á(O) 2 hydrogen bonds into sheets built from R 
Comment
Hydrogen-bonded adducts formed between piperazine-2,5-dione (diketopiperazine, DKP) and carboxylic acids are often characterized by the formation of ribbons of piperazine-2,5-dione molecules; these can be linked into sheets by carboxylic acids, while monocarboxylic acids can simply be pendent from these ribbons (Kartha et al., 1981; Luo & Palmore, 2002) . A striking exception is found in the 1:2 adduct of piperazine-2,5-dione with 2-hydroxybenzoic acid, where a ®nite threecomponent aggregate is formed (Varughese & Kartha, 1982) . As part of a wider study of the supramolecular structures of systems containing piperazine-2,5-dione, which includes the study both of hydrogen-bonded systems and of metal coordination complexes, we report here the structure of piperazine-2,5-dione±oxalic acid±water (1/1/2), (I), together with a redetermination at 120 K of piperazine-2,5-dione itself, (II).
The organic components in (I) both lie across inversion centres in space group P1 and the water molecule lies in a general position. While the selection of the asymmetric unit in a three-component adduct such as this provides some degree of¯exibility and choice, for compound (I) it is possible to select a compact and connected asymmetric unit such that the heterocyclic and acidic components lie across the inversion centres at ( 1 2 , 0, 1 2 ) and (0, 1, 0), respectively (Fig. 1) .
The H atoms are fully ordered and the location of the unique H atom in the acid, as deduced from a difference map, is fully consistent with the independent CÐO bond distances in this component ( Table 1 ). The bond distances in the dione are all typical of their types, but the long CÐC bond in the acid is consistent with such values in simple derivatives of oxalic acid (Allen et al., 1987) .
The independent components are linked into sheets by a combination of one two-centre NÐHÁ Á ÁO hydrogen bond, two two-centre OÐHÁ Á ÁO hydrogen bonds and one almost planar, but asymmetric, three-centre OÐHÁ Á Á(O) 2 hydrogen bond ( Table 2 ). The formation of the sheet structure, which contains four distinct types of hydrogen-bonded ring, is readily analysed in terms of two one-dimensional substructures organic compounds o118 # 2005 International Union of Crystallography generated, respectively, by the piperazinedione component on the one hand and by the acid and water molecules on the other; the linking of these substructures generates the sheet.
In the ®rst substructure, amide atoms N1 at (x, y, z) and (1 À x, Ày, 1 À z) are both components of the reference piperazinedione molecule centred at ( 1 2 , 0, 1 2 ); these atoms act as hydrogen-bond donors to amide atoms O2 at (2 À x, Ày, 1 À z) and (À1 + x, y, z), respectively, which are themselves components of the dione molecules centred at ( 2 ) (n = zero or integer) (Fig. 2) .
In the second substructure, carboxyl atom O11 at (x, y, z), which forms part of the acid molecule centred across (0, 1, 0), acts as a hydrogen-bond donor to water atom O1, also at (x, y, z). This water atom in turn acts as a donor, via H1B, to carbonyl atom O12 at (1 + x, y, z) and to carboxyl atom O11 at (1 À x, 2 À y, Àz), both of which lie in the acid molecule centred across (1, 1, 0). Although the three-centre hydrogen bond involving H1B is asymmetric (Table 2) , the sum of the angles at H1B is 358
; while the longer, weaker, component may be an adventitious consequence of the other, shorter, OÐ HÁ Á ÁO interactions in the structure, its presence or absence does not affect the overall supramolecular structure, only the details of the hydrogen-bonded ring systems. Propagation of these two hydrogen-bonding interactions generates a chain of edge-fused R (Fig. 3) .
The ®nal OÐHÁ Á ÁO hydrogen bond links the two types of [100] chain into a sheet. The water molecule at (x, y, z), which lies in the acid±water chain along (x, 1, 0), acts as a hydrogenbond donor, via H1A, to amide atom O2, also at (x, y, z), which lies in the piperazinedione chain along (x, 0, 1 2 ). Propagation by inversion of this ®nal hydrogen bond then links the chains into a (012) sheet in which piperazinedione chains alternate with acid±water chains (Fig. 4) . The hydrogen-bonded rings that link the two types of chain are of R The two substructures observed in the structure of (I) may usefully be compared with the hydrogen-bonded structures of piperazine-2,5-dione and oxalic acid dihydrate. Two poly- morphs of oxalic acid dihydrate have been reported (Iwasaki et al., 1967; Delaplane & Ibers, 1969) ; in each form, the oxalic acid molecules lie across centres of inversion, but the hydrogen-bonded network is three-dimensional in each polymorph, as opposed to the two-dimensional acid±water substructure found in (I). The structure of piperazine-2,5-dione, (II), was reported many years ago (Degeilh & Marsh, 1959) to consist of hydrogen-bonded ribbons of centrosymmetric molecules. We have now reinvestigated this structure at 120 K (Fig. 5) and we ®nd that these [101] ribbons are in fact linked by a CÐHÁ Á ÁO hydrogen bond (Table 3) into (111) sheets containing both R 2 2 (8) and R 3 4 (14) rings (Fig. 6 ). In the formation of adduct (I), the CÐHÁ Á ÁO hydrogen bonds in (II) have been displaced by much stronger OÐHÁ Á ÁO hydrogen bonds, while the NÐHÁ Á ÁO hydrogen bonds are all preserved.
Experimental
Oxalic acid (0.5 g, 3.96 mmol) was dissolved in hot water. To the resulting clear solution was added a solution of piperazine-2,5-dione (0.45 g, 3.96 mmol) in hot water. The mixture was heated over a water bath for 5 h to obtain a clear solution. This solution was allowed to cool to room temperature and crystals of (I) 
Compound (I)
Crystal data
Triclinic, P " 1 a = 6.1494 (7) Table 2 Hydrogen-bond geometry (A Ê , ) for (I). The molecule of (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level and atoms labelled with the suf®x A are at the symmetry position (2 À x, 1 À y, 2 À z). 
